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Description 

BACKGROUND OF THE INVENTION 

5 I. Field of the Invention 

The present invention relates to a human immunoglobulin G Fc region protein, a DNA fragment coding 
for the protein, plasmids containing the DNA fragment microorganisms transformed with the plasmid, and a 
process for production of the human immunoglobulin G Fc region protein using the transformed microor- 
io ganism. 

2. Description of the Related Art 

An antibody is a protein present in the body fluid of vertebrates and capable of specific binding to an 
75 antigen. Proteins with a structure and functions related to the antibody proteins are generally designated as 
immunoglobulins. These immunoglobulins (abbreviated as Ig hereinafter) are classified to five classes, i.e., 
IgG, IgA, IgM, IgE, and IgD. 

Among these immunoglobulins, IgG plays an important role in the biological defense against-bacteria 
and viruses. 

20 Human IgG comprises two heavy chains (abbreviated hereinafter as H chains) and two light chains 
(abbreviated hereinafter as L chains), wherein an H chain and an L chain are linked via a disulfide bond, and 
two H chains are linked via several disulfide bonds. When a human IgG molecule Is subjected to the action 
of a protease such as papain, the molecule is cloven at approximately the center thereof into three 
fragments; two fragments having an antigen-binding activity (Fab region protein) and the other fragment 

25 having no antigen-binding activity but being easily crystallized (Fc region protein). The Fab region protein 
comprises an entire L chain and an amino terminal half of the H chain. The Fc region protein, on the other 
hand, comprises two fragments, each of which is a carboxy terminal half of the H chain, and these fragment 
are comprised of a hinge region, a Ch2 domain and a C H 3 domain, in that order, and links to the other 
fragment via several disulfide bonds at the hinge regions. The Fc region has a function as an effector. 

30 As described above, since the IgG plays a important role in the biological defense, and is present in a 
large amount in blood, a human IgG rich ^-globulin fraction is obtained from human blopd and used in an 
partially modified form as an immunological agent for administration into patients with symptoms of a 
serious nature. That is, the 7-globuIin-containing pharmaceuticals are used as a supplement in hypogam- 
maglobulinemia, and for the prevention and treatment of viral diseases. Recently, it has been suggested 

35 that the -/-globulin preparation is effective for the treatment of ideopathic chrombopenic purpura (ITP) (see, 
P. Imbach et al.. Lancet I, 1228, 1981); and especially, it was suggested that the Fc region is important in the 
above-mentioned application (see, Boku et al., Rinsho Meneki , 15, 76 (1983). Moreover, immunocomplexes 
deposited on glomerulum in the case of systemic lupus erythematosus (SLE) were reported to be dissolved 
by adding human IgG Fc region protein (see, Kawasumi, Rinsho Meneki, 16, 240, 1984). 

4q Nevertheless, although the 7-globulin preparations and the Fc region protein derived therefrom are 
useful as the therapeutic agents for autoimmune diseases such as ITP and SLE, as mentioned above, such 
immunological preparations have certain disadvantages. For example, since the preparations aire prepared 
from human blood which is difficult to obtain in a large amount as one lot, to obtain a substantial amount of 
the preparation, many lots of blood must be pooled. This gives rise to the problem of a diversity in the 

45 quality of the preparations, and a higher risk of viral contamination. 

Therefore, It is much more desirable to produce the human immunoglobulin G Fc region protein by 
gene technology. The human IgG H chain is classified into four subclasses, Le., 71 chain, 72 chain, 73 
chain, and 74 chain. Among these subclasses, for the 72 and 74 chains, U. Krawinkel et al., EMBO J. L, 403 
{1982) discloses a partial nucleotide sequence of a 72 chain gene and a 74 chain gene; and for the 71 chain, 

50 J. W. Ellison et ai., Nucleic Acids Res. 10, 4071 (1982) discloses a partial nucleotide sequence of a 71 chain 
gene. However, such reports do not disclose a DNA fragment capable of expressing a human IgG H chain 
gene. 

SUMMARY OF THE INVENTION 

55 

The present Invention provides a monomelic human immunoglobulin G Fc region protein comprising an 
amino acid sequence from Thr at position 2 to Lys at position 224 in the amino acid sequence represented 
in Figure 2 t essentially free of other proteins of human origin. 



2 



EP0 227 110 B1 

The present invention also provides a dimeric human immunoglobulin G Fc region protein derived from 
the above-mentioned monomelic proteins. 

The present invention provides, a gene fragment coding for the above-mentioned monomeric protein; 
plasmids containing the above-mentioned gene fragment; and, microorganisms transformed with the above^ 
5 mentioned pfasmid. 

Another object of the present invention is to provide a process for the production of the human 

immunoglobulin Q Fc region protein by culturing the above-mentioned microorganism to accumulate the 

protein in the cultured product, and recovering the protein from the cultured product 

Other objects and advantages of the present invention will be apparent from the description set forth 
10 hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figures M and 1-2 represent a part of the nucleotide sequence in an expression plasmid pFC362 for the 
human immunoglobulin G Fc region protein, and a corresponding amino acid sequence of the Fc region 
protein; 

Fig. 2 represents a restriction endonuclease cleavage map^cf a clone containing the human - im- 
munoglobulin G gene, and a restriction endonuclease cleavage map of a subclone containing the Fc 
region gene; 

Fig. 3 represents a process for the construction of a plasmid pFC70 containing a Ch3 part gene; 
Fig. 4 represents a process for the construction of a plasmid pFC77 containing a Ch2-C„3 part gene; 
Fig. 5 represents a process for the construction of an expression plasmid pFC203 for the Fc region 
gene; w 

Fig. 6 represents a process for the construction of an expression plasmid pFC204 for the Fc region 
25 gene; y 

Rg. 7 represents a process for the construction of expression plasmids pFC203S and pFC203P for the 
Fc region gene; 

Fig. 8 represents a process for the construction of an expression plasmid pFC2ll for the Fc region gene; 
Rg. 9 represents a process for the construction of expression plasmids pFC36l and pFC362 for the Fc 
30 region gene; and, 

Rg. 10 represents a result of confirmation of the expression of the Fc region gene. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

35 The present invention is directed to the production of human immunoglobulin G Fc region protein in 
monomenc and dimeric forms. To this end. there are provided, a gene fragment coding for the above- 
mentioned Fc region protein; recombinant plasmids containing the gene fragment: recombinant microorgan- 
isms transformed with the plasmid; and a process for production of the Fc region protein using the 
recombinant microorganism. 

to In the present specification and drawings, amino acids, peptides, and nucleotide sequences, are 
descnbed by using, optionally, abbreviations recommended by the IUPAC-IUB (Commission on Biological 
Nomenclature) or those conventionally used in the art 

The monomeric human immunoglobulin G Fc region protein according to the present invention 
comprises an amino add sequence from Thr at position 2 to Lys at position 224. as shown in Figures l-l 

45 and 1-2, and essentially free of other proteins of human origin. In one embodiment the present monomeric 
Fc region protein has an additional amino acid such as Met or Ser at position 1 in Figure 1-1. The protein 
may be glycosylated depending on the host used. Its glycosylation pattern may be different from the natural 
form. 

The dimeric human immunoglobulin G Fc region protein may be derived from two molecules of the 
so above-mentioned monomeric protein by natural or artificial association via disulfide bonds. 

The gene fragment of the present invention encodes a polypeptide comprising amino acids from Thr at 
P 0 ^ 0 " 2 to Lys at position 224. as shown in the Figs. H and I-2. In one embodiment the gene fragment is 
a double stranded DNA fragment which comprises a single, stranded coding DNA shown by a nucleotide 
sequence from A at a position 86 to A at a position 754 shown in the Figs. I-I and I-2. and a single stranded 
55 DNA complementary to the coding DNA. 

In another embodiment the gene fragment of the present invention encodes a polypeptide consisting of 
amino acids from Met at position I to Lys at position 224. In this embodiment this gene fragment is a 
double stranded DNA fragment which consists of a single stranded coding DNA shown by a nucleotide 
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sequence from A at position 83 to A at position 754 in the Figs, i-l and 1-2, and a single stranded DNA 
complementary to the coding DNA. 

The recombinant plasmid of the present invention may contain, in addition to the DNA fragment coding 
for the Fc region protein, an upstream start codon and one or more stop codons downstream of the DNA 
fragment coding for the Fc region protein. Moreover, the recombinant plasmid may contain a promotor. 
region upstream of the start codon, for efficient expression of the human immunoglobulin G Fc region 
protein gene. Preferably, the promotor is a tryptophan operon promotor or a tac promotor. In this 
embodiment this recombinant plasmid contains a double stranded DNA fragment which consists of a single 
stranded coding DNA shown by a nucleotide sequence from C at position I to G at position 765 in the Figs. 
I-l and 1-2, and a single stranded DNA complementary to the coding DNA. 

The process for preparation of a gene system including a gene fragment, recombinant plasmids, and 
transformed microorganisms, as well as the target protein, is summarized as follows: 

(a) Preparation of human chromosomal DNA and gene library 

Cells producing human IgG, for example, human lymphoma cell line ARH77 (see, K. H. Burk et al. J. 
Cancer Res. 38, 2508, 1978), are cultured under appropriate conditions, for example, at a temperature of 
37 C and at a carbon dioxide concentration of 5%, and the resulting cells are collected by centrifuga- 
tion. The cells are lysed with a protease such as protease K in the presence of a detergent such as 
sodium dodecyl sulfate (SDS). The lysate is extracted by, for example, phenol, to eliminate proteins, and 
the human chromosomal DNA is obtained. 

The chromosomal DNA thus obtained is then digested with a restriction enzyme such as Eco Rl to 
obtain DNA fragments, which are then ligated to a phage vector such as Charon 4A vector (F.R. Blattner 
et al., Science, 196, 161, 1977), and the ligation products are subjected to In vitro packaging (A. Becker et 
al., Proc. Natl. Acad. Sci. USA, 72, 581, 1975) to obtain a human gene library. If a restriction enzyme other 
than Eco Rl is used, or another phage vector with no Eco Rl site as a cloning site is used, an appropriate 
linker DNA may be used to prepare the gene library. 

(b) Preparation of restriction enzyme cleavage map of subclone 

The phage in the gene library are transfected into a host such as E. coli LE 392 (ATCC 33572) to 
form plaques, which are then screened by plaque hybridization (W.P. Benton et al. Science . 196, 180, 
1977) to select the desired clones. The probe used for the screening is, for example, the~human 
immunoglobulin H chain J region (which is a part of the Fab region and is present between a variable 
region having an antigen binding activity and a constant region having an effector function) gene labeled 
with ^P according to nick translation (P.W.J. Rigby et al. J. MoL Biol. 113, 237, I9fr7), or a synthetic 
oligonucleotide predicted to correspond to a part of an amino acid sequence of the human IgG Fc region 
protein, and labeled with as above-mentioned. 

For the DNA fragment of clones positive in the above-mentioned plaque hybridization, restriction 
enzyme cleavage site maps are prepared and DNA fragments derived from human chromosome are 
subcloned to a plasmid vector such as pBR322 (F. Bolivar et al. Gene, 2, 95, 1977). 

An insert DNA of the resulting subclones is sequenced according tothe Maxam-GHbert method (AM 
Maxam et al. Methods Enzymol. 65, 499, 1980), or dideoxy chain termination method using MI3 phage (J. 
Messing et al. Nucleic Acids Res. 9. 309, 1981) and the like, to confirm the presence of the human IgG Fc 
region gene. 

(c) Preparation of DNA fragment 

Since the human IgG Fc region protein gene thus obtained is of human chromosomal origin, it 
contains introns and, therefore, cannot be expressed in microorganisms. Therefore, the Fc region gene is 
cloven with appropriate restriction enzymes to eliminate entirely the intron regions. If a part of the exon is 
deleted by the cleavage with the restriction enzymes, a chemically synthesized linker is used to repair 
the deleted part and link adjacent exons. Similarly, by using synthetic oligonucleotides, more than one 
translation stop codon in tandem (TGA, TAG or TAA) can be attached, in reading frame with the Fc 
region gene at the 3*-end thereof, to enhance the efficiency of its expression. The thus-obtained Fc 
region gene without any introns can be attached to a translation start codon upstream of and in reading 
frame with the gene. Moreover, the Fc region gene can be linked downstream to an appropriate promotor 
and a Shine-Dalgamo (S-D) sequence to form an expressible gene. Useful promoters include the 
tryptophan operon promotor (trp promotor), the lactose operon promotor (lac promotor), the tac promotor, 
the P L promotor, the i PP promotor, and the like. The trp promotor and the tac promotor are especially 
preferable. For efficient expression of the Fc region gene, the Fc region gene is preferably linked to a 
promotor, S-D sequence, and a translation start codon positioned upstream thereof, and to translation 
stop codons positioned downstream thereof. Most preferably, a promotor, an S-D sequence, a translation 
start codon, an Fc region gene, and translation stop codons are linked, in this order. 
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(d) Construction of "recombinant plasmids and recombinant microorganisms 

The expression plasmid can be constructed by inserting the expressible human IgQ Fc region gene 
into an appropriate plasmid vector such as pBR322. The expression plasmids according to the present 
invention preferably include pFC203. pFC204. pFC203S. pFC203P. pFC2ll. pFC36l, and pFC362. 

Microbial hosts for expression of the human IgG Fc region gene include Escherich ia coli, Bacillus 
subtills and y east - preferably E. coli. The above-mentioned plasmid can be incorporated intoa microbial 
host such as E. coli according to a known method (M.V. Norgard et al. Gene 3. 279, 1978). 

The recombinant microorganisms thus obtained are cultured by a method known per se. The 
medium used for the cutturing is. for example, an M9 medium (T. Maniatis et al. ed., Molec ular Cloning 
p 440. Cold Spring Harbor Laboratory. New York. 1982) supplemented with glucose a nd casamino acids 
to which medium is optionally added an antibiotic such as ampicillin to stabilize expression plasmids in 
the host cells. 

The culturing is carried out under-ar condition suitable for the culturing of recombinant microorgan- 
isms, for example, at a temperature of 37° C for 2 to 36 hours with shaking, or aeration and agitation. If 
necessary, 3,0-indoleacrylic acid (when a trp promoter is used), or isopropyl-^.D-thlogalactoside (when a 
tac promoter is used) is added to the culture medium at the start of culturing. or during culturing. to 

induce the expression. - * 

After the culturing, the resulting recombinant microbial cells are collected by a conventional means 
such as centrlfugatJon or filtration, the collected cells are suspended In an aqueous medium such as a 
phosphate buffer, the suspension is sonicated to disrupt the cells, and centrifuged to obtain a lysate The 
amount of human IgG Fc region protein In the lysate can be determined by enzyme immunoassay using 
a commercially available rabbit antiserum containing the antihuman IgG Fc component and enzyme- 
labeled anti-rabbit Ig antibody. 

The human IgG Fc region protein can be purified from the lysate according to a conventional 
process used for isolation and purification of a protein. Preferably, affinity column chromatography using 
anti-human IgG Fc component antibody is used. 

The purified Fc region protein in monomeric form can be converted to a dimeric form wherein two 
monomenc proteins are linked via two disulfide bonds similar to natural immunoglobulin by. for example 
a method disclosed by Chance et al. (R.E. Chance et al.. Peptides: the Seventh U.S. Peptide Symposium 
Proceedings. D.H. Rich & E. Gross ed.. 721-728. Piece Chemical Co.. Rockford. IL.. 1981). 

A dimeric protein can be converted to a monomeric protein by reducing the dimeric protein under 
the conventional conditions for reductive cleavage of a disulfide bond, for example, by adding dithloth- 
rertol or 2-mercaptoethanol. A mixture of a monomeric protein and a dimeric protein can be separated 
into individual forms by any conventional separation procedure, such as gel filtration techniques. 

Examples 

The present invention will now be further illustrated by. but is by no means limited to. the followino 
examples. a 

Example ^ Isolation of human chromosomal DNA 

^ 3 A. 108 .. ^ 01 human lvm P hom a ce« line ARH77 were disrupted with a glass rod. and the 
disrupted cells were treated with protease K (Sigma) in the presence of 2% SDS. added to phenol saturated 
wrth an aqueous solution containing 10 mM Tris-HCI (pH 8.0) and I mM EDTA. and mixed. The aqueous 
P ™« W! f separated from the phenol phase by centrifugation to obtain the aqueous phase (phenol 
extraction), which was then dialysed against an aqueous solution containing 20 mM Tris-HCI (pH 7 5) 100 
mM NaCI, and 5 mM EDTA. The dialysate was treated with ribonudease A (Sigma), again extracted with 
phenol, and dialysed against an aqueous solution containing 10 mM Tris-HCI (pH 8.0) and I mM EDTA to 
obtain about 1.2 mg of human chromosomal DNA (N. Blin et al.. Nucleic Acids Res. 3. 2303. 1976). 

Example 2. Preparation of human gene library 

150 ug of the human chromosomal DNA obtained in Example I was partially digested with restriction 
enzyme Eco Rl (Takara Shuzo, Japan), and the digest was subjected to sucrose density gradient 
centofugation in 10 to 40% (w/v) sucrose at 28.000 rpm (120.000 x g) for 15 hours at a temperature of 
zo C. to obtain 4.3 ug of DNA fragments corresponding to 15 to 23 Kbp. 0.8 ug of the DNA fragments were 
then Ugated with Charon 4A vector to obtain a hybrid DNA comprising the DNA fragments of human origin 
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franked with a right arm and a left arm of the Charon 4A vector. The ligation was carried out with T4 DNA 
ligase (Bethesda Research Laboratories) in an aqueous solution containing 66 mM Tris-HCl (pH 7.6), 6.6 
mM MgCI 2 • 10 mM dithiothreitol and I mM ATP, at ll # C for 12 hours. The hybrid DNA thus obtained was 
subjected to in vivo packaging to obtain. a human gene library (1.8 x I0 6 PFU/jxg, containing 99% of the 
5 human chromosomal DNA). 

Example 3. Screening for human immunoglobulin G gene 

The gene library prepared in Example 2, comprising a population of the Charon 4A phage containing 
io the DNA fragment of human origin, was used to transfect E. coli LE 392 to form plaques. Clones containing 
the human immunoglobulin gene were selected by a plaque hybridization method using ^P-labeled human 
antibody H chain J gene as a probe. DNA containing the human immunoglobulin gene was prepared from 
the Charon 4A phage according to a method of Thomas et al. J. MoL Biol. 91, 315, 1974. - — 

75 Example 4. Preparation of restriction map 

I uq of Charon 4A DNA containing the human immunoglobulin gene was dissolved in 20 ul of a 
restriction enzyme buffer, 2-to 4 units of a restriction enzyme "were added to the solution, and it was 
incubated for more than one hour. The incubation was carried out at 60 *C for restriction enzymes Bst Nl 

20 and Taq I, and at 37* C for other restriction enzymes. The restriction enzyme buffer was an aqueous 
solution -containing 50 mM Tris-HCl (pH 7.4), 100 mM NaCI, and 10 mM MgSO* for Eco Rl, Taq I, Xba I, and 
Xho I; an aqueous solution containing 10 mM Tris-HCl (pH 7.5), 60 mM NaCI, and 7 mM MgCfe for Bam HI, 
Cla I, Hind III, Pst I, Rsa I, and Sau 3AI; an aqueous solution containing 10 mM Tris-HCl (pH 7.4), 10 mM 
MgSO* , and I mM dithiothreitol for Bal I. Bst Nl. Nae I, and Sst II; and an aqueous solution containing 10 

25 mM Tris-HCl (pH 8.0), 20 mM KCI, 7 mM MgCfe , and 7 mM 2-mercaptoethanol for Sma I. Restriction 
enzymes Bst Nl, Cla I and Nae I were obtained from New England Biolabs; Sst II was obtained from 
Bethesda Research Laboratories; Rsa I. Sau 3AI and Taq I were obtained from Nippon Gene; and other 
restriction enzymes were obtained from Takara Shuzo. Where two restriction enzymes were used, DNA was 
treated first with a restriction enzyme which acts at a lower salt concentration, and after the salt 

30 concentration in the reaction mixture was increased, treated with another restriction enzyme which acts at a 
higher salt concentration. { 

After the cleavage of DNA with the restriction enzyme, 4 ul of an aqueous Solution of 0.25% 
bromophenol blue in 50% glycerol was added to the reaction mixture, and the mixture was subjected to 
agarose gel electrophoresis, wherein 0.8 to 2.5% of agarose concentration was used. This agarose was 

35 Type II for electrophoresis use obtained from Sigma. The electrophoresis buffer was an aqueous solution 
containing 40 mM Tris-CH 3 COOH (pH 8.0) and I mM EDTA. Bectrophoresis was carried out using a vertical 
gel 2 mm thick, at a voltage of 6 to 9 V/cm for I.5 to 3 hours. As a molecular weight marker, a cleavage 
product of X phage DNA with Hind ill (Boehringer Mannhein) was used. After the elecSrophoresis, DNA in 
the agarose gel was stained with 2 ug/ml of an ethidium bromide aqueous solution, and the agarose gel 

40 was irradiated with long wavelength UV to observe the restriction enzyme cleavage pattern of the DNA. By 
analyzing cleavage patterns obtained by each restriction enzyme digestion and by combinations of 
digestions with two restriction enzymes, the relative positions of restriction enzyme cleavage sites for some 
restriction enzymes were determined as shown in Rg. 2(A). Figure 2(A) represents a restriction map for 
human chromosomal DNA containing the human immunoglobulin G gene. 

45 

Example 5. Subcloning of human immunoglobulin G gene 



3 ug of Charon 4A.DNA containing the human immunoglobulin G gene was cloven with restriction 
enzyme Hind III according to the same procedure as used in Example 4, and the cleavage product was 

so subjected to agarose gel electrophoresis (gel concentration 0.8%). A gel fragment containing a band 
corresponding to DNA of about 8.2 Kbp containing the human IgG Fc region gene was excised from the gel, 
and the excised gel fragment was dissolved in 3 volumes/weight of an 8 M NaCIO* aqueous solution. A 
DNA fragment of about 8.2 Kbp in length was recovered from the agarose gel solution by a method 
disclosed by C.W. Chen et al. Anal. Biochem. IQl, 339 (I980). 

65 On the other hand, I ug of plasmid pBR322~was cloven with restriction enzyme Hind III according to the 
procedure described in Example 4, and 0.5 units of alkaline phosphatase (E. coli C 75; Takara Shuzo) were 
added to the reaction mixture, and reacted at 45 "C for one hour. After the reaction, the reaction mixture 
was extracted three times with phenol to inactivate and eliminate the alkaline phosphatase. This reaction 
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mixture containing pBR322 DMA treated with Hind III and alkaline phosphatase was mixed with the above- 
described Hind III fragment of 8.2 Kbp recovered from the agarose gel, the mixture then subjected to 
ethanol precipitation, and the precipitate dissolved in SO ul of a ligation mixture (see Example 2). 2 units of 
T4 DMA ligase were added to the solution, and reacted for 12 hours at if C to ligate the DNA fragments, 
s The ligation mixture was used to transform E. coli C 600 i-m" (ATCC 33525) by a modified method of 
a conventional CaCfe method (M.V. Norgard). That is, E. coli C 600 i-m" was cultured for 18 hours to 
prepare an inoculum, which was then inoculated to 5 ul of L medium (l% tryptpn. 0.5% of yeast extract, and 
0.5% of NaCI. pH 72), and the E. coli was cultured to an extent corresponding to an optical density at 600 
run (ODsoo) of 0.3. The cultured cells were washed two times in a cold magnesium buffer (0.I M NaCI. 5 
70 mM MgCfe , 5 mM Tris-HCI. pH 7.6. 0° C). resuspended in a cold calcium buffer (I00 mM CaCI 2 . 250 mM 
KCI. 5 mM MgCfe . 5 mM Tris-HCI. pH 7.6. 0° C). and the suspension was allowed to stand for 25 minutes 
at 0 C. The cells were separated by centrifugatlon and resuspended to a 1/10 volume of the calcium buffer 
to increase the cell concentration. The concentrated cell suspension was then mixed with the above- 
mentioned aqueous solution containing the ligated DNA at a volume ratio of 2:1. The mixture was maintained 
75 for 60 minutes at 0 C. and I ml of an LBG medium (1% trypton. 0.5% yeast extract was added. 1% NaCI 
and 0.08% glucose. pH 7.2). and culturing was carried out at 37* C for one hour with shaking. 100 ul/plate of 
the cultured broth was inoculated on a selective medium (L medium plate containing 30 ug/ml of ampicillin) 
and the plates were incubated at 37* C overnight to develop colonies of transf ormants. From the ampicillin 
resistant colonies. DNA was prepared by a conventional method, and analysed by agarose gel elec- 
20 trophoresls to confirm a desired subclone pTJIB (about 12.6 Kbp). 

A restriction map of the subclone was prepared according to the procedure described in Example 4 
and is shown in Fig. 2(B). As shown in Fig. 2(B). it was confirmed that three or four Pst I sites existed 
between Pst 1(3) and Hind 111(3). Note, one position was not confirmed. 

Moreover, a Pst 1(2) - Pst 1(3) DNA fragment having a length of 1.7 Kbp was excised and inserted Into a 
25 Pst I site of plasmid pBR322 to construct a plasmid pTJ5 (about 6.1 Kbp), according to the procedure as 
described for pTJIB. A desired clone was selected from the tetracycline resistant transformants, and a 
restriction map of the subclone thus obtained was as shown in Fig. 2(C). 

Example 6. Sequencing of DNA 

30 

A nucleotide sequence of the human immunoglobulin Q Fc region gene was determined accordina to 
the Maxam-Gilbert method. / 

For example, about 50 ug of DNA of the subclone pTJ5 constructed as shown in Example 5 was cloven 
with Sma I according to the procedure described in Example 4. the resulting DNA fragments were 

as dephosphorylated with an alkaline phosphatase, and labeled with [-y-^PhATP using 5 units of poly- 
nucleotidekinase (P-L Biochemicals). The reaction using polynucleotidekinase was carried out in an aqueous 
solution containing 50 mM Tris-HCI (pH 9.5). 10 mM MgCfe , and 5 mM dithiothreitol with 100 ttCi of [y^PY 
ATP (Amersham). The ^P-labeled DNA fragments were cloven with Pst I. desired DNA fragments were 
separated by polyacrylamide gel electrophoresis (acrylamide concentration 5%). and extracted from the gel 

40 according to the procedure described hereinafter in Example 7. The ^P-labeled Sma l-Pst I fragments thus 
obtained were subjected to a base-specific partial cleavage, and the product was separated by 
polyacrylamide gel electrophoresis (acrylamide concentration 8 to 23%) in 7 M urea. The gel was subjected 
to autoradiography at -80 C for I day. the cleavage pattern was analysed, and the result was used to 
determine a nucleotide sequence of the Fc region gene. 

45 On the other hand. DNA of plasmid PTJ5 was cloven with Pst I, and the resulting DNA fragment was 
labeled with [a^Pj-ddATP using a 3 -terminal label Wt (Amersham). The ^P-labeted DNA fragments were 
cloven with Sma I. and desired DNA fragments were separated and purified by polyacrylamide gel 
electrophoresis (acrylamide concentration 5%). The ^P-labeled Pst l-Sma I fragments were analysed as 
descnbed above, and the result was used to determine a nucleotide sequence of the Fc region gene. 

Example Zi Construction of expression plasmid (cloning of Ch3 part gene) 

DNA of plasmid pTJS constructed in Example 5 was cloven with a restriction enzyme Pst I according to 
the procedure described in Example 4. the resulting DNA fragments were separated by agarose gel 
» electrophoresis (agarose concentration 0.8%). and a DNA fragment of about 1.7 Kbp containing the Fc 
region gene was recovered from the gel by the procedure described in Example 5. The DNA fragment thus 
obtained was cloven with a restriction enzyme Nae I by the procedure described in Example 4. and the 
resulting DNA fragments were separated by polyacrylamide gel electrophoresis (gel concentration 5%) A 
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gel fragment containing a band corresponding to a DNA fragment of about 0.6 Kbp containing a Cr3 part 
gene was excised and disrupted, the disrupted gel particles were added with 2 to 5 ml of an edition buffer 
(500 mM ammonium acetate, I mM EDTA and 0.1% SDS, pH 7.5), and the mixture was shaken at 37 # C 
overnight The mixture was centrifuged to recover an aqueous phase containing the desired DNA fragment. 
The DNA fragment thus obtained was then cloven with restriction enzyme Rsa I by the procedure described 
in Example 4, the resulting DNA fragments separated by polyacrylamide ge! electrophoresis (gel concentra- 
tion 5%), and a DNA fragment of about 310 bp containing a C H 3 part gene was recovered from the gel as 
above mentioned. 

The Rsa I - Nae I DNA fragment containing the Ch3 part gene was inserted into the Bal I site of the 
plasmid pBR322 according to a procedure essentially similar to the procedure described in Example 5. to 
construct a plasmid pFC70 (about 4.7 Kbp) wherein the reading orientation of the C H 3 part gene was the 
same as the reading orientation of the tetracycline resistance gene in pBR322. Le., clockwise orientation in 
Fig. 3). The process for constructing pFC70 is shown in Rg. 3. 

Example 8. Construction of expression plasmid (ligation of Ch2 part gene and Ch3 part gene) 

The DNA fragment of 1.7 Kbp containing the Fc region gene obtained in Example 7 was cloven with 
restriction enzymes Sau 3A! and Taq I. the resulting DNA fragments were separated by polyacrylamide gel 
electrophoresis (acrylamide concentration 5%), and about 0.5 ug of DNA fragment having a length of about 
240 bp containing the C H 2 part gene was recovered from the gel by the procedure described in Example 7. 

A double stranded oligonucleotide corresponding to a joint region between the Ch2 part gene and C H 3 
part gene, having a nucleotide sequence shown in Rg. 4, was prepared by separately synthesizing a single 
stranded upper chain and a lower chain. 

The single stranded oligonucleotides were synthesized by the phosphoamidite method using a fully- 
automatic DNA synthesizer (Applied Biosystems, Model 380A). The synthetic oligonucleotides were purified 
according to a manual disclosure by Applied Biosystems. That is, an aqueous ammonium solution 
containing synthetic oligonucleotides was maintained at 55 # C overnight to deprotect the DNA base, and the 
solution was subjected to gel filtration using Sephadex G-50 fine gel (Pharmacia) to isolate a synthetic 
oligonucleotide with a high molecular weight Next, the isolated product was subjected to polyacrylamide 
gel electrophoresis (acrylamide concentration 20%) in 7 M urea, and a migration pattern in the gel was 
observed to determine the position of a band corresponding to a desired oligonucleotide .size. The desired 
part of the gel thus determined was then excised, and a desired synthetic oligonucleotide was recovered 
from the excised gel piece according to the procedure described in Example 7. Rnally, the oligonucleotide 
solution was applied on a gel filtration column (Sephadex G-50) to obtain a purified synthetic oligonucleotide 
preparation. If necessary, the polyacrylamide gel electrophoresis was repeated to improve the purity of the 
oligonucleotide product 0.1 to 1.0 ug of the purified synthetic oligonucleotide was treated with polynucleotide 
kinase in the presence of I mM ATP as described in Example 6, to phosphorylate the s'-end of the 
oligonucleotide. Two phosphorylated synthetic oligonucleotides corresponding to the"u0fSlfr chain and lower 
chain were mixed, and the mixture was gradually cooled from 70 - C to room temperature for annealing. As 
described above, a Taq I - Sma I DNA fragment of about 68 bp corresponding to a joint region between the 
Ch2 part gene and C H 3 part gene was obtained. 

On the other hand, about 5 ug of DNA of the plasmid pFC70 was dissolved in the cleavage buffer for 
the restriction enzyme Sma I as described in Example 4. the solution was added with 2 to 5 units of Sma I, 
and incubated at 20 C for 15 to 45 minutes for partial digestion. The reaction mixture was extracted with 
phenol to inactivate the Sma l # and subjected to cleavage with Bam HI according to the procedure 
described in Example 4. The resulting DNA fragments were separated by agarose gel electrophoresis 
(agarose concentration 0.8%). and a Bam HI - Sma 1(1) DNA fragment of about 3.6 Kbp containing most of 
the C H 3 part gene, as shown in Rg. 4. was recovered from the gel by the procedure described in Example 
5. 

The Sau 3AI - Taq I DNA fragment containing the C«2 part gene; the Taq I - Sma I DNA fragment 
corresponding to the joint region between the C„2 part gene and Ch3 part gene; and the Bam HI (Sau 3AI) - 
Sma 1(1) DNA fragment containing the C H 3 part gene and a vector part, ail prepared as above-mentioned, 
were mixed and ligated according to a procedure roughly the same as the procedure described in Example 
5. to construct a plasmid pFC77 of about 3.9 Kbp wherein the Ch2 part gene and the C H 3 part gene were 
linked without an intervening intron. i.e., directly. The above-mentioned process for constructing the plasmid 
pFC77 is shown in Rg. 4. 

Example 9. Construction of expression plasmid (ligation of Fc region gene and promotor) 
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The DMA of the plasmid pFC77 obtained in Example 8 was cloven with restriction enzymes Sst II and 
Pst I by the same procedure described in Example 4. and after agarose gel electrophoresis (agarose 
concentration 0.8%). an Sst II - Pst I DMA fragment of about 2.7 Kbp containing the downstream part of the 
Ch2 part gene, the entire Ch3 part gene, and a part of the vector region, as shown in Fig. 5. was recovered 
s from the gel by the procedure described in Example 5. 

On the other hand, the DNA fragment of about 1.7 Kbp containing the Fc region gene obtained in 
Example 7 was cloven with restriction enzymes Bst Nl and Sst II by the procedure described In Example 4. 
and after poK/acrylamide gel electrophoresis (acrylamide concentration 5%). a Bst Nl(5) - Sst II DNA 
fragment of about 171 bp containing an upstream part of the Ch2 part gene was recovered from the gel by 
io the procedure described in Example 7. 

Moreover, a double stranded oligonucleotide of about 39 bp corresponding to a joint region between a 
promoter and Fc region gene, shown in Fig. 5. was prepared by the procedure described in Example 8. 
This Cla I - Bst Nl(5) DNA^agment contains a restriction enzyme Cla I site for ligation to a trp promoter, a 
translation start codon ATG. an h part gene, and an upstream part of the Ch2 part gene, in sequence in this 
is order. Therefore, by using this DNA fragment the Fc region (h-C^^ part) gene without any intron can 
be linked downstream of the tryptophan °operon°SD sequence within an appropriate distance. 

On the other hand. the_DNA of the plasmid pYS3IN of about 4.7 Kbp containing the trp promoter was 
cloven with restriction enzymes Pst I and Cla I by the procedure described in Example 4. and after agarose 
gel electrophoresis (agarose concentration 0.8%). a Pst I - Cla I DNA fragment of about I.I Kbp containing 
'.o the trp promoter and a part of the vector region, as shown in Fig. 5. was recovered from the agarose gel by 
the procedure described in Example 5. 

The Sst II - Pst I DNA fragment containing a downstream part of the Ch2 part gene. Ch3 part gene, and 
a part of the vector region; a Bst Nl(5) - Sst II DNA fragment containing an upstream part of the C„2 part 
gene; the Cla I - Bst Nl(5) DNA fragment corresponding to the joint region between the promoter and the Fc 
region gene; and the Pst I - Cla I DNA fragment containing the trp promoter and a part of the vector region, 
all prepared as described above, were mixed and ligated to construct an expression plasmid pFC203 of 
about 4.0 Kbp for the Fc region (h-C^-C^ part) gene by a procedure roughly the same as the procedure 
described in Example 5. The above-mentioned process for construction of the pFC203 is shown in Fig. 5. 
Moreover, a double stranded oligonucleotide having a nucleotide sequence shown in Fig. 6 correspond- 
so ing to a joint region between the promoter and the Ch2 part gene was prepared and used to obtain an 
expression plasmid pFC204 for the Fc region (Ch2-Q«3 part) gene by essentially the same procedure as 
described above. The process for construction of pFC204 is shown in Fig. 6. 

Exam P |e i°: Modification of expression plasmid (chan ge in distance between the S-D sequence and 
35 translation start codon) -r- 2 

About 3 ug of DNA of the Fc region expression plasmid pFC203 obtained in Example 9 was cloven with 
restriction enzyme=Cla I by the procedure described in Example 4. and dissolved in 40 ul of a polymerase 
buffer (50 mM Tris-HCI. pH 7.2, 10 mM MgSO* . 0.1 mM DTT. and 50 mg/ml BSA). and 2 units of DNA 
polymerase I large fragment (Bethesda Research Laboratories) in the presence of 0.25 mM of dCTP and 
0.25 mM of dGTP were added. The reaction mixture was incubated for 30 minutes at 37° C to produce 
blunt ends, and the reaction mixture was then extracted with phenol to inactivate the DNA polymerase I 
large fragment and seif-ligation was carried out by the procedure described in Example 2. The Fc region 
gene expression plasmid pFC203P was then constructed by the procedure described in Example 5. In this 
plasmid pFC203P. the distance between the S-D sequence and translation start codon is longer by 2 bD 
than that of pFC203. ^ 

Figure 7 shows a process for the construction of pFC207P, and a nucleotide sequence between the S-D 
sequence and translation start codon ATG. 

Next about 3 wg of DNA of the Fc region gene expression plasmid pFC203 constructed in Example 9 
was cloven with restriction enzyme Cia I by the procedure described in Example 4. and dissolved in 40 ul 
of an S-l nuclease buffer (30 mM sodium acetate. 50 mM NaCI. I mM ZnSO* and 5% glycerol. pH 4 6) and 
25 units of S-l nuclease (Bethesda Research Laboratories) were added to the solution, and it was incubated 
at 37 C for 30 minutes to produce blunt ends. After the reaction mixture was extracted to inactivate the S-l 
nuclease, the Fc region gene expression plasmid pFC203S was constructed as described above. In this 
plasmid pFC203S. the distance between the S-D sequence and translation start codon was shorter by 2 bp 
than that of pFC203. Figure 7 also shows a process for the construction of pFC203S. and a nucleotide 
sequence between the S-D sequence and translation start codon ATG. 
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Example IL Modification of expression plasmid (incorporation of tandem stop codons) 

DNA of the Fc region gene expression plasmid pFC203 constructed in Example 9 was partially cloven 
with restriction enzyme Sma I, and then completely cloven with restriction enzyme Pst I by essentially the 
same procedure as described in Example 8. After agarose gel electrophoresis (agarose concentration 
0.8%), an Sma 1(2) - Pst I DNA fragment of about 1.8 Kbp containing a major part of the Fc region gene and 
a part of the vector region, as shown in Fig. 8, was recovered from the agarose gel by same procedure 
described in Example 5. 

On the other hand, a double stranded oligonucleotide of about 17 bp having a nucleotide sequence 
shown in Fig. 8 corresponding to a downstream part of the Cr3 part gene and translation stop codons was 
prepared by the procedure described in Example 8. This Sma 1(2) - Bam HI DNA fragment contained a part 
of the Ch3 part gene, two tandem translation stop codons represented by the nucleotide sequence 
TAATAG, and a restriction enzyme Bam HI site for ligation to a vector. Therefore, this DNA fragment can be 
used to incorporate tandem translation stop codons into an expression plasmid. 

The plasmid pBR322 DNA was cloven with restriction enzymes Pst I and Bam HI by the procedure 
described in Example 4, and after agarose gel electrophoresis (agarose concentration 0.8%), a Bam HI - Pst 
I DNA fragment of about 3.2 Kbp containing a major part of the vector region, as shown in Fig. 8, was 
recovered from the agarose gel by the procedure described in Example 5. 

The Sma 1(2) - Pst I DNA fragment containing a major part of the Fc region gene and a part of the 
vector region; the Sma 1(2) - Bam HI DNA fragment containing a downstream part of the C H 3 part gene and 
tandem translation stop codons; and the Bam HI - Pst \ DNA fragment containing a major part of the vector 
region, all prepared as described above, were mixed and ligated to construct the Fc region gene expression 
plasmid pFC2II of about 5.0 Kbp having tandem translation stop codons, by roughly the same procedure as 
described in Example 5. The above-mentioned process for the construction of pFC2ll is shown in Fig. 8. 

Example 12. Modification of expression plasmid (use of tac promotor) 

DNA of the Fc region gene expression plasmid pFC203 obtained in Example 9 was cloven with 
restriction enzyme Cla I by the procedure described in Example 4, and the resulting DNA was treated with 
DNA polymerase I large fragment in the presence of dCTP and dGTP to produce blunt ends by the 
procedure described in Example 10. Next, the blunt-ended DNA fragment was clovpn with restriction 
enzyme Pst I by the procedure described in Example 4. and after agarose gel electrophoresis (agarose 
concentration 0.8%), a DNA fragment of about 2.8 Kbp containing an entire Fc region gene and a major part 
of a vector region, as shown in Fig. 9, was recovered. 

On the other hand, DNA of the plasmid pDR540 of about 4.0 Kbp (Pharmacia) containing the tac 
promotor was cloven with restriction enzyme Bam HI by the procedure described in Example 4, and the 
resulting DNA was treated with DNA polymerase I large fragment in the presence of dGTP, dATP, dTTP, 
and dCTP to produce blunt ends, by the procedure described in Example-10; The blunt ended DNA 
fragment was then cloven with restriction enzyme Pst I by the procedure described in Example 4, and after 
agarose gel electrophoresis (agarose concentration 0.8%), a DNA fragment of about I.I Kbp containing the 
tac promotor and a part of the vector region, as shown in Fig. 9, was recovered from the agarose gel. 

The DNA fragment of about 2.8 Kbp containing the entire Fc region gene and a major part of the vector 
region, and the DNA fragment of about I.I Kbp containing the tac promotor and a part of the vector region, 
both prepared as above, were mixed and ligated to construct the expression plasmid pFC36l of about 3.9 
Kbp, wherein the Fc region gene was linked downstream to the tac promotor, by roughly the same method 
as described in Example 5. Figure 9 shows the above-mentioned process for the construction of pFC36L 

The DNA of the Fc region gene expression plasmid pFC36l thus obtained was cloven with restriction 
enzymes Sst II and Pst I by the procedure described in Example 4, and after agarose gel electrophoresis 
(gel concentration 0.8%), an Sst II - Pst I DNA fragment of about I.3 Kbp containing a part of the vector 
region, the tac promotor, and an upstream part of the Fc region gene, as shown in Fig. 4, was recovered 
from the agarose gel by the procedure described in Example 5. 

On the other hand, the DNA of the Fc region gene expression plasmid pFC2ll having tandem translation 
stop codons, obtained in Example II, was cloven with restriction enzymes Sst II and Pst 1 by the procedure 
described in Example 4, and then a Pst I - Sst II DNA fragment of about 3.6 Kbp containing a downstream 
part of the Fc region gene, tandem translation stop codons, and a major part of the vector region, as shown 
in Fig. 9, was obtained as described above. 

The Sst II - Pst I DNA fragment containing a part of the vector region, the tac promotor, and an 
upstream part of the Fc region gene; and the Pst I - Sst II DNA fragment containing a downstream part of 
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the Fc region gene, tandem translation stop codons. and a major part of the vector region, both prepared as 
above, were mixed and ligated to construct the expression plasmid pFC362 of about 4.9 Kbp wherein the 
tac promoter was followed by the Fc region gene with tandem translation stop codons. by roughly the same 
procedure as described in Example 5. Figure 9 shows the above-mentioned process for the construction of 
pFC362. 

Figure 1 shows a part of the nucleotide sequence of the Fc region gene expression plasmid pFC362. In 
Fig. L, a polynucleotide represented by a nucleotide sequence from nucleotide position 86 to position 
nucleotide 754 encodes a polypeptide represented by an amino acid sequence from amino acid position 2 
to amino acid position 224. i.e.. human IgQ Fc region protein. 

Example I3. Expression of Fc region gene 

EL coli C 600 r-taZ transformed with an Fc region gene expression plasmid constructed in Examples 9. 
10. II. or 12 was cultured in M 9 medium (prepared by autoclaving an aqueous solution containing 0.6% 
NaaHPO* . 0.3% KhfePCU . 0.05% NaCI, and 0.1% NH4CI. pH 7.4. and then adding to this solution 
separately autcclaved aqueous solutions of MgSO* and CaCfe to a final concentration of 2 mM MgSO* and 
0.1 mM CaCfe) supplemented with 30 to 50 ug/mLampicillin, 0.2% glucose, and 2 mg/ml casamino acids- or 
in L medium supplemented with 30 to 50 ng/ml ampidlUn. at 37* C with shaking until the cell density 
reached ODeoo of 0.1. Subsequently. 3./Hndoleacryllc acid (Sigma) was added to the culture medium to a 
final concentration of 50 ug/ml when the trp promotor was used, or isopropyl-p.D-thlogalactoside (Sigma) to 
a final concentration of 5 mM when the tac promotor was used, and culturing was continued at 37* C with 
shaking until the cell density reached ODsoo of 0.5. 

The cultured broth thus obtained was centrifuged to collect E. coli cells, and the cells were washed with 
a PBS buffer (20 mM phosphate buffer containing 150 mM NaClTpH 7.4). The washed cells were then 
suspended in the PBS buffer, and the cells were disrupted using a sonicator (Kubota 200 M Type). The 
sonicated suspension was then centrifuged to obtain an E. coli lysate eliminating cell debris. 

A Tris-HCI buffer (pH 6.8) was added to the E. coli lysate thus obtained to 60 mM. SDS to 2% 2- 
mercaptoethanol to 4%. and glycerol to K>%. andlhi^ixture was subjected to SDS-polyacrylamide gel 
electrophoresis (Suzuki. Wen. 31. 43. 1977). The acrylamide concentration of the separation gel was 12 5% 
and the migration buffer was SDS-Tris-glycine buffer (U.K. Laemmli. Nature. 227. 680 (1970)). After the 
electrophoresis, proteins in the gel were electrophoretically transferred to"a7* adio"rbed on a nitrocellulose 
filter In a buffer containing 25 mM Tris. 192 mM glycine (pH 8.3) and 20% methanol (Western blotting). 

The nitrocellulose filter on which proteins had been adsorbed was soaked in PBS buffer containing 5% 
bovine serum albumin for 60 minutes, and then the human immunoglobulin Q Fc region protein was 
specifically stained by an indirect method using, as a primary antibody, a rabbit anti-human IgG-Fc 
component antiserum (Cappel) employing an Immun-blot assay kit (Bio Rad). The results are shown in Fig. 

In this confirmation procedure, a native human immunoglobulin G Fc region protein prepared by the 
procedure described hereinafter in the reference example was permitted to migrate on the same SDS- 
polyacrylamide gel parallel with the test samples, and the density of bands from test samples was 
compared with the density of the band of a known amount of the authentic (natural) sample to determine the 
amount of the former. The results for the various kinds of plasmids are set forth in the following table. 

Table 



Plasmid 


Medium 


Amount of Fc produced (mg/l culture) 


pFC204 


M9 


1.0 ~ 2.0 


pFC203 


M9 


0.1 -v 0.2 


pFC211 


M9 


0.1 *v 0.2 


pFC361 


L 


0.5 *v 0.8 


pFC362 


L 


0.8 1.6 



The E. coli C 600 r m" transformed with plasmid pFC362 produced 15 mg/l culture of the Fc region 
protein under an improved culture condition and medium composition. This amount corresponds to 10% of 
the E. coli cellular protein, and about 300.000 molecules per cell. 

Since the molecular weight of Fc region protein produced by E. coli is lower by about 5000 dalton than 
that of the native Fc region protein, as seen from Fig. 10. the Ft "region protein produced by E. coli is 
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considered not to have carbohydrate chains. 

Example 14. Purification of Fc region protein produced by EL coli 

3 ml of an active type affinity support Affi-Gel 10 (Bio Rad) was coupled with 6.2 mg of affinity-purified 
sheep anti-human IgG-Fc component antibody (Cappel) in a 0.1 M MOPS buffer (pH 7.5. Nakarai Kagaku 
Yakuhin) to prepare an affinity column for purification of the EL coli-produced Fc region protein. The 
coupling was carried out at 4* C for two hours, and about 40% of the sheep anti-human IgG-Fc component 
antibody used was Immobilized on the support 

The E. coli lysate prepared in Example 13 was passed through the affinity column prepared as 
described above specifically to adsorb the Fc region protein. The column was washed throughout with a 
PBS buffer and 20 mM phosphate buffer (pH 7.4) containing 500 mM NaCI, and then the Fc region protein 
was eluted with a 0.I.M glycine-HCI buffer (pH 2.3). The eluted Fc region protein was diaiysed against water, 
and the dialysate was lyophilized. The lyophilizate was subjected to SDS polyacrylamine gel electrophoresis 
(acrylamide concentration 12.5%) by the procedure described in Example 12. After the electrophoresis, 
protein bands in the gel were stained with a silver stain reagent (Daiich Kagaku Yakuhin), and it was 
confirmed that a high purity E. coli-produced Fc region protein was obtained. 

Reference Example Preparation of native human immunoglobulin G Fc region protein 

0.3 g of human immunoglobulin G (Sigma), 17.5 mg of cysteine, and 7.2 mg of EDTA.2Na were 
dissolved in a PBS buffer (see Example 13), 150 iig of papain (Sigma Type IV) were added to the solution, 
and allowed to stand for 7 hours at 37 *C. The papain-treated IgG was applied on a gel filtration column 
containing Sephadex G-200 super fine gel equilibrated with PBS buffer to separate the Fc region protein 
and Fab region protein, both generated by the papain treatment from intact IgG. An aqueous solution 
containing the Fc region protein and Fab region protein thus obtained was dialyzed against water, and the 
dialyzate was lyophilized. The lyophilizate was then applied to DE52.DEAE cellulose (Whatman) column for 
ion exchange chromatography. The column was washed with a 10 mM phosphate buffer (pH 7.4) to 
completely elute the Fab region protein, and then the Fc region protein was eluted by a linear elution 
gradient with from 0 mM to 350 mM NaCI in a 10 mM phosphate buffer (pH 7.4). Finally, dialyzation and 
lyophllization were carried out as described above to obtain a natural type human immunoglobulin G Fc 
region protein. 

Claims 

1. A monomelic human immunoglobulin G Fc region protein comprising the following amino acid 
sequence: — 
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Thr-Cys-Pro-Pro-Cys-Pro-Ala-Pro-Glu-Leu- 
(2) 

Leu-Gly-Gly-Pro-Ser-Val-Phe-Leu-Phe-Pro-Pro-Lys-Pro-Lys- 

Asp-Thr-Leu-MEt-Ile-Ser-Arg-Thr-Pro-Glu-Val-Thr-Cys-Val- 

Val-Val-Asp-Val-Ser-His-Glu-Asp-Pro-Glu-Val-Lys-Phe-Asn- 

Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala-Lys-Thr-Lys- 

Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arg-Val-Val-Ser- 

Val-Leu-Thr-Val-Leu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 

Tyr-Lys-Cys-Lys-Val-Ser-Asn-Lys-Ala-Leu-Pro-Ala-Pro-Ile- 

Glu-Lys-Thr-Ile-Ser-Lys-Ala-Lys-Gly-Gln-Pro-Arg-Glu-Pro- 

Gln-Val-Tyr-Thr-Leu-Pro-Pro-Ser-Arg-Glu-Glu-MET-Thr-Lys~ 

Asn-Gln-Val-Ser-Leu-Thr-Cys-Leu-Val-Lys-Gly-Phe-Tyr-Pro- 

Ser-Asp-Ile-Ala-Val-Glu-Trp-Glu-Ser-Asn-Gly-Gln-Pro-Glu- 

Asn-Asn-Tyr-Lys-Thr-Thr-Pro-Pro-Val-Leu-Asp-Ser-Asp-Gly- - s 

Ser-Phe-Phe-Leu-Tyr-Ser-Lys-Leu-Thr-Val-Asp-Lys-Ser-Arg- 

Trp-Gln-Gln-Gly-Asn-Val-Phe-Ser-Cys-Ser-Val-MET-His-Glu- 

Ala-Leu-His-Asn-His-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser- 

Pro-Gly-Lys , essentially free of other proteins of 

(224) 
human origin. 

/ 

r 

A protein according to claim 1 wherein said protein has an amino acid MET at an N-terminal thereof 
adjacent to Thr of amino add position (2). 

A protein according to claim 1 wherein said protein is not glycosylated. 
A protein according to claim 1 , produced by microbial cells. 

A dimeric human immunoglobulin G Fc region protein consisting of two monomelic protein chains of 
any one of claims 1 to 4. 

A gene fragment comprising a nucleotide sequence coding for the amino acid sequence of claim 1. 
A gene fragment according to claim 6 wherein the nucleotide sequence of a coding chain is as follows: 
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ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 
CGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGAC- 
CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAG- 
TTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGG- 
AGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCA- 
GGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA- 
GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 
TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 
CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 
CCTTCTTCCTCTATAGCAAGCTCACCGTCGACAAGAGCAGGTGGCAGCAGGGGAA— 
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCGGGTAAA 

8. A gene fragment according to claim 7 wherein the gene fragment comprises the following additional 
nucleotide sequence upstream of and immediately adjacent to A of nucleotide position 86: 

1 

CTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAT- 

85 ' 

TGTGAGCGGATAACAATTTCACACAGGAAACAGGATCGGATAATG; 

and the following additional nucleotide sequence downstream of and Immediately adjacent to A of 
nucleotide position 754: 

765 

TAATAGGATCC 

9. A plasmid containing a gene fragment according to claim 6. 

10. A plasmid according to claim 9 wherein the plasmid is selected from the group consisting of plasmids 
pFC203 comprising about 4.0 kbp and having the restriction map shown in Fig. 5, pFC204 comprising 
about 4.0 kbp and having the restriction map shown in Fig. 6, pFC21 1 comprising about 5.0 kbp and 
having the restriction map shown in Fig. 8, pFC361 comprising about 3.9 kbp and having the restriction 
map shown in Rg. 9, and pFC362 comprising about 4.7 kbp and having the restriction map shown in 
Fig. 9. 

11. A microorganism transformed with a plasmid according to claim 9. 

12. A microorganism according to claim 11. wherein the microorganism is E. coli. 



13, A process for production of a monomelic human immunoglobulin G Fc region protein or a dimer 
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thereof, comprising culturing a microorganism according to claim 1 1 , and recovering the monomelic or 
dimeric protein, or a mixture thereof, and optionally, separating the monomeric protein and dimeric 
protein, and optionally, converting the monomeric protein to the dimeric protein, and optionally, 
converting the dimeric protein to the monomeric protein. 

RevendicatJons 

1- Une proline humalne mononrterique de la region Fc d'immunoglobuline G comprenant la sequence 
d'acides amines suivante: 



Thr-Cys-Pro-?ro-Cys-Pro-Ala-?ro-Glu-Leu- 
(2) 

Leu-Gly-Gly-Pro-Ser-Val-Phe-Leu-?he*Pro-?ro-Lys-?ro-Lys- 
Asp-Thr-Leu-MZt-Xle-Ser-Arg-Thr-?ro-GIu-Val-Thr-Cys-Val- 
Val-Val-Asp-Val-Scr-HIs-Glu-Asp-?ro-Glu-Val-Lys-?he^Asn- 
Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala-Lys-Thr-Lys- 
Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arg-Val-Val-Scr- 
Val-Lcu-Thr-Val-Lcu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 
Tyr*Lys-Cys-Lys-Val-Ser-Asn-Lys*Ala-Leu-Pro-Ala-Pro-Ile- 
Glu-Lys-Thr-Ile-Ser-Lys-Ala-Lys-Gly-Gln-Pro-Arg-Glu-Pro- 
Gln-Val-Tyr-Thr-Leu-Pro-Pro-Scr-Arg-Glu-Glu-MZT-Thr-Lys- 
Asn-Gln-Val-Scr-Leu-Thr-Cys-Leu-Val-Lys-Gly-?he-Tyr-?ro- 
Ser-Asp-Ile-Ala-Val-Glu-Trp-Glu-Ser-Asn-Gly-Gln-Pro-Glu- 
Asn-Asn-Tyr-Lys-Thr-Thr-Pro-Pro-Val-Leu-Asp-Ser-Asp-Gly- 
Ser-Phe-Phe-Leu-Tyr-Ser-Lys-Leu-Thr-Val-Asp-Lys-Ser-Arg~ 
Trp-Gln-Gln-Gly-Asn-Val-Phe-Ser-Cys-Ser-yal-^T-His-Glu- 
Ala-Leu-His-Asn-Kis-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser- 

Pro-Gly-Lys , essentiellement libre d'autres proteines 
(224) 

d'origlne humaine. 

2. Une proteine conforme k la revendication 1 oQ la dite proteine possede un acide amine MET en 
position N-termina!e ( c'est & dire adjacent h la Thr (2) . 

3- Une proteine conforme k la revendication 1 oQ la dite proteine n'est pas glycosylee. 

4. Une proteine conforme k la revendication 1 , produite par des cellules microbiennes. 

5. Une proteine humaine dimerique de la region Fc d'immunoglobuline G constitute de deux chaines 
proteiques monomeriques de I'une quelconque des revendications 1 & 4. 

6. Un fragment de gSne comprenant une sequence de nucleotides codant pour la sequence des acides 
amirtes de la revendication 1. 

7. Un fragment de gfene conforme & la revendication 6 ou la sequence de nucleotides d'une chaine 
cod ante est la suivante: 
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85 

ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 
CGTCAGTCT7CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGAC- 
CCCTGAGGTCACATGCGTGGTGSTGGACGTGAGCCACGAAGACCCTGAGGTCAAG- 
TTCAACTGG7ACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGG- 
AGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCA- 
GGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA- 
GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 
TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 
CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 
CCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA- 
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCGGGTAAA 

8. 8. Un fragment de gene conforms a la revendication 7 oO te fragment de gene comprend la sequence 
de nucleotides additionnelle suivante en amont de et immddiatement adjacente au A de la position 
nucleotidique 86 : 

1 

CTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAT- 

85 

TGTGAGCGGATAACAATTTCACACAGGAAACAGGATCGGATAATG ; 

et la sequence de nucleotides additionnelle suivante en aval de et immgdiatement adjacente au A de la 
position nucleotidique 754 : 

765 

TAATAGGATCC 

9. Un piasmide contenant un fragment de g£ne conforme h fa revendication 6. 

10. Un piasmide conforme k fa revendication 9 oO le piasmide est selectionne k partir du groupe constitue 
des plasmides pFC203 comprenant environ 4,0 kpb et possedant la carte de restriction representee sur 
la Fig.5, pFC204 comprenant environ 4,0 kpb et possedant la carte de restriction representee sur la 
Fig-6, pFC211 comprenant environ 5,0 kpb et possedant la carte de restriction representee sur la Fig.8, 
pFC361 comprenant environ 3,9 kpb et possedant la carte de restriction representee sur la Fig.9 f et 
pFC362 comprenant environ 4,7 kpb et possedant la carte de restriction representee sur la Fig.9. 

11. Un micro-organisme transforme avec un piasmide conforme k la revendication 9. 
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12. Un microorganisms conforms a la revendication 11. ou le micro-organisme est EColi. 

13. Un proce^ pour la production d'une proteine humaine monomerique de la region Fc d'immunoglobuli- 
ne G ou un dimere de celle-ci, comprenant les (Stapes consistent a faire la culture d'un micro- 

s organisme conforme a la revendication 11, et a recuperer la proline monomerique ou dimerique ou 
un melange de cellesoi. et facuKativemeirt. a Sparer la proteine monomerique et la proline 
dimenque. et facultativement. a convertir la proline monomerique en la proteine dimerique et 
facultativement, a convertir la proteine dimerique en la proteine monomerique. 

io PatentansprUche 

1. Monomeres menschliches Immunglobulin G Fc-Region-Protein enthaltend die nachfolgende Aminosau- 
resequenz: 
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Thr-Cys-Pro-Pro-Cys-Pro-Ala-Pro-Glu-Leu- 
(2) 

Leu-Gly-Gly-Pro-Ser-Val-?he-Leu-?he-Pro-Pro-Lys-?ro-Lys- 
Asp-Thr-Leu-MEt-Ile-Ser-Arg-Thr-?ro-Glu-Val-Thr-Cys-vll- 
Vel-Val-Asp-Val-Ser-His-Glu-Asp-Pro-Glu-Val-Lys-Phe-Asn- 
Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala-Lys-Thr-Lys- 
Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arc-Val-Val-Ser- 
Vaa-Leu-Thr-Val-Leu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 
Tyr-Lys -Cy s-Ly s - Val-S er-As n-Ly s -Ala-Le u-Pr o-All-Pro-I le- 

Glu-Lys-Thr-Ile-Scr-Lys-Ala-Lys-Gly-GIn-Pro-Arg-Glu-Pro- 

Gln-Val-Tyr-Thr-Leu-Pro-Pro-Ser-Arg-Glu-Glu-M2T-,Thr-Lys- 

Asn-Gln-Val-Ser-Leu-Thr-Cys-Leu-Val-Lys-Gly-Phe-Tyr-Pro- 

Ser-Asp-lle-Ala-Val-c-Iu-Trp-Glu-Ser-Asn-Gly-Gln-Pro-Glu- 

Asn-Asn-Tyr-Lys-Thr-Thr-Pro-?ro-VaI-Leu-Asp-Ser-Asp-Gly- 

Ser-Phe-Phe-Leu-Tyr-Ser-Lys-Leu-Thr-Val-Asp-Lys-Ser-Arc- 

Tr?-Gln-Gln-Gly-Asn-Val-?he-Ser-Cys-Ser-Val-MiT-His-Glu- 

Ala-Leu-Kis-Asn-His-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser- 
?ro-Gly-Lys , 

(224) 

im wesentlichen frei von anderen Proteinen menschlichen Ursprungs. 

2. Protein nach Anspruch 1, wobei das Protein eine Aminosaure MET am N-Terminus davon angrenzend 
an Thr in AminosSureposition (2) aufweist 

a Protein nach Anspruch 1. wobei das Protein nicht glykosiliert ist 

4. Protein nach Anspruch 1 , hergestellt durch mikrobiotogische Zellen. 

55 5. Dimeres menschliches Immunglobulin G Fc-Region-Protein bestehend aus zwei monomeren Proteinket- 
ten nach einem der Anspruche 1 bis 4. 

6. Genfragment enthaltend eine Nukleotidsequenz, die die Aminosauresequenz nach Anspruch 1 codiert 
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7. Genfragment nach Anspruch 6, wobei eine codierende Kette die nachfolgende Nucleotidsequenz 
aufweist 

So 

ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 

CGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGAC- 

CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAG- 

TTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGG- 

AGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCA- 

GGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA- 

GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 

TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 

CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 

GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 

CCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA- 

CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCGGGTAAA 

a Genfragment nach Anspruch 7, wobei das Genfragment die nachfolgende zusatzllche Nucleotidsequenz 
stromaufwarts vom und unmittelbar angrenzend an das A in Nucleotidposition 86 umfafit 

1 

CTGTTGACAATTAATCATCGGCTCGTATAATGrGTGGAAT- 

85 

TGTGAGCGGATAACAATTTCACACAGGAAACAGGATCGGATAATGy 

und die nachfolgende zusatziiche Nukleotidsequenz stromabwarts vom und unmittelbar angrenzend an 
das A in Nukleotidposition 754: 

765 

TAATAGGATCC 

9. Piasmid enthaltend ein Genfragment nach Anspruch 6. 

10. Piasmid nach Anspruch 9, wobei das Piasmid ausgewahlt 1st aus der Gruppe bestehend aus den 
Plasmiden pFC203 f das etwa 4,0 kbp umfai3t und die in Figur 5 dargestellte Restriktionskarte aufweist, 
pFC204, das etwa 4,0 kbp umfaflt und die in Figur 6 dargestellte Restriktionskarte aufweist pFC211, 
das etwa 5,0 kbp umfafit und die in Figur 8 dargestellte Restriktionskarte aufweist, pFC361, das etwa 
3,9 kbp umfaBt und die in Figur 9 dargestellte Restriktionskarte aufweist und pFC362, das etwa 4,7 kbp 
umfaflt und die in Figur 9 dargestellte Restriktionskarte aufweist. 
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11. Mikroorganismus transformiert mit einem Plasmid nach Anspruch 9. 

12. Mikroorganismus nach Anspruch 11, wobei der Mikroorganismus E. co!i isL 

13. Verfahren zur Hersteilung eines monomeren menschlichen Immunglobulin G Fc-Region-Proteins Oder 
eines Dimers davon, das die ZOchtung eines Mikroorganismus nach Anspruch 11 und die Gewinnung 
des monomeren oder dimeren Proteins Oder eines Gemisches davon umfaflt und gegebenenfalls die 
Trennung des monomeren und des dimeren Proteins und gegebenenfalls die Umwandlung des 
monomeren in das dimere Protein und gegebenenfalls die Umwandlung des dimeren in das monomere 
Protein. 
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Fig. 3 
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Fig. 4 
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Fig. 7 
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Fig. 9 
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